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Thleealiphatica-oxlmecompoundshavebeenplepalcdandchalactelizedThcseleagentsalehigh1y
selecUvefOrthcextIactionofcopper(Ⅱ）andcopper(1)fiomweaklyacidicaqUeoussolution
Copper(11）issepalatedfiommckel(II),cobalt(11）ａｎｄiron(111)．IIon(Ⅲ）isleducedtoimn<11）by
theadditionofascorbicacidorhydlmqdannnchydIocmoIidc,andiIon(11)wasnotextlactedwiththeoximes、
Theextractionbehaviorofcopper(1),copper(11）andilon(111）withtheseextlactantsisdescribedmdetaU．
１１ntloduction
Solvenextlactionsystemswitha-oximecompounds，suchasLix-63andKelex-100havebeenleported
inmanypaperslで．FilrthcnnoIe，toclaliiythemechanismofselectivecxtlactiolLInalU/hJndamental
investigationshavebeendonc:ｔｈｅcompetitiveextractionofcopper(11)７andthekineticsofthecopper
extmctioIf．,、Also，α■benzoinoxllnewasintroducedinl923byFeigl1oj1andStlebillger1zfbrthe
micm-detcrminationofcopper(11）inammomcalsolutionTheuseofaliphatica-hydlo汀oxime
compoundsfbrcopper(11）wasnotstresseduntill965,whenSwansonleportedthatlheseoxlmesselectiveb／
extractedcopper(Ⅱ）fiomanacidicsolution13・TTlcdevelopmcntofmanyoxlmeextlactantshastakenplace
donesmcethisIeport・A1sotheseextlactantscamctobeusedaswellmthewetl巳finmgpmcessoflow
qualitymetallesoulcesshowingatendencytobecolnplicated14、
hapreviouspapefs~'`,wehavelCportedonthesepalationofcopper〈11）fmmsea-waterbytheadsolption
ofccUulose-tliacctatepo]bmerscontaininga幻xlmecoInpomds・TheobjectofthepIesentwoIkisto
investigatethepossibilityoftheextlactionandsepalationofcopper(11）fiomasolutioncontainingimn
(Ⅲ),mckel(11),andcobalt(11）bya-oximesmcalbontetlacmoIi｡e、
２．Ｅ叩climental
2・LReagensandAppalatus
AUthechcmicalsusedweleofanalytical-IeagentsgladeAstandaldcopper(Ⅱ）solutionwasplepaled
bydissoMngO393gofcopper(11）ｓｍｐｈａｔｃｍ５ｃ㎡oflmoldnl3hydlocmolicacidanddilutingthe
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solutionwithdeionizedwatertoexactlylOOcm3・TTleconcentrationofcopper(Ⅱ）inthcsolutionwas
st2ndmliだ。
bychelatolnetricUtlationbyusmgMulexideasanmdicatolJ7Stocksolutionsofotherlnetalions(102ｍｏｌ
｡、,）weleplepaledbydissoMngappmpriatcalnountsofthesaltsmlOOc㎡ｏｆＯ１ｍｏｌｄm3hydlDcmoric
acida凸benzoinoxime(c叩､､）waspu１℃hasedfiomNacalaitcsqUe,andusedwithoutfilrtherpulification
Otheroximessuchas2-hydloWphenylethylketoneoxime(HPEＫＯ)，２－hydrWacetophcnoneoxime
(ＨAPO),and2-hydlDW-4-0ctylowbenzDphenoeoxilne(HOBPO）wcleplepaledmasimilarmannerl…．
AHitachiU-2000spectmphotomcterwasusedfbrthedctemnnationofmetals・ThcpHofthesolution
wasmcasuledwithaHitachi-HoribaM-8pHmeter．
2.2PIepamtionofa-hydlo可oximecompounds
ZHydlmWethy1ketoneoxime(HPEKO，CHmNO2；ｍｐ；947-948°Ｃ）ｗａｓｐＩｅｐａ１℃daccoIdingtothe
pmceduleofSwanson'4．Ｉｎｏａ５００ｃ㎡flaskeqUippedwithalefluxcondenserwelechalged250g(０１６７
mol）２－hydmWannnehydlocmolide,３０ｃ㎡ofpyridine,ａｎｄ５０ｃ㎡ofabsoluteethanoLTheleacUon
mixtulewasheatedtolefluxfbr3h,dilutedwithaboutl25c㎡andextlactedwith50cm3ofdiethylether・
ThcaqueouslayerwasdiscardedTTlｅｅＵｌｅｒｌａｙｅｒｗａｓｗａｓｈｃｄ４ｔｉｍｅｓｗｉｔｈwater，ｔｗｉｃｅｗｉｔｈ３％
hydmcmoricacidand4moretimcswithwater・TT1eetherlayerwasdriedoveranhydmussodiumsulfate，
andafterfiltlationthectherwaslcmovedbyevapoIationThcresiduewasdissolvedinpetlo1eumether
andcooledmanicebathTTlesoliｄｃｏｍｐｏｕｎｄｈａｄａｎａｎａｌｙｓｉｓｏｆＣ’６５４５％；Ｈ，６．７１％；Ｎ，8.35％
(calculatcdC,６Ｍ5％;Ｈ,6.67％;Ｎ,Ｍ5％)．Othera-hydmwoximecompoundswereplcpaMina
similarmanncr,asdcscribcd曲oveAnalysesofthesecompoundswelｅａｓｆｂｌｌｏｗ：２－hydlowacetophcnone
oxime(ＨAPO,OH9NO2,ｍｐｌｌ５-115.7°Ｃ）Ｃ,６３０２％;Ｈ,598％;Ｎ,925％(caLC,63.58％;Ｈ,598％;Ｎ，
9.27％)，Z-hydloW4-n-octyloxybennzophenoneoxime(HOBPO,GlH27NO;mp800-817oC）Ｃ,7399％；
H,7.92％;Ｎ,398％(ｃａＬＣ,7390％;Ｈ,7.92％;Ｎ,411％)．
２３Extmctionpmcedulc
TheextlactionsweIedoneinstoppeledcentrifUgeｔｕｂｅｓｕｓｉｎｇ２０ｃｍ３ｏｆｏｒｇａ【ｎｃｐｈａｓｅａｎｄ５､0ｃｍﾖof
aqueousphaseTheaqUeousphase,consistingofasolutionofmetalions,withconcentlation(５×１rmol
dmF3）inabufferofgiveniomcstlcngth('(ＦＯ１ｍｏｌｄｍ３,withpotassiumcmoride）wasshakenwiththe
olganicphascmaTcstTmbeConcentlator(ATaitecTC-10F）ｆＯｒ３０ｍｎａｔ２５ｏ０ＴｈｃｐｈａｓｅｓｗｅlC
sepalatedaftercentlifilgationCopper(11)andcopper(1)weledeteIminedcolorimetlicallywith
bathocuploine1s・Imn(111)，mckel(II）andcobalt(11）weredeterminedspectlophotometlicallywith
l,10-phcnanUⅡOhne１，，dimethylglyoxime，ａｎｄ２－(2-thiazozylazo)-4-methyl-5-(sulfbmetMamine)benzoic
acid3o,respecUvcb/、Eachdistributionc叩eIimcntwasdonemtripUcate．
3.ResmtsandDisscusio、
3.1.ExtracUonpalamcteIB
ThereactMtiesofc叩、､,HPEＫＯ,ＨＡＰＯ,andHOBPOfbrelevenlnctalsweleexanncdbythespot
testmethod1s・Anegligiblereactionwasobselvedfbraluminum(Ⅲ)，Zinc(11)，tungsten(Ⅵ）and
molybdenmn(Ⅵ)．Thefbrmationofcomplexeswiththcseoxlmccompoundswcleobselvedfbrcopper(1)，
manganese(11)，cObalt(11),mckel(11）imn(11)，（111)，andpalladhnn(11〕Bncopper(Ⅱ)，nickel(Ⅱ)，
andilon(111）ｗｅｒｅobsewedashavingahighleactivity・TI1etimereqUiIedtoleacheqUilibliumat25oC
wascxaminedbymeasuringthccOpper(Ⅱ）concentlationmthcaqUeoUsphaseafterdifferentinteIvals・
CompleteextlactionwasobtaincdｍｌＯＩｎｉｌＬｂｎ３０ｎｎｗａｓｃｈｏｓｅｎｍａＴ℃ｓｔＴｉ]beConcentlatorfbr
subsequentexperimcntsCopper(Ⅱ),copper(1),mckel(11),andimn(Ⅲ）weleextlactedfiomsolutionm
SOIventExtractionSepalationStudYo(CoppelrlII),lron(､),NickellII),andCobalt(II)fromAqueousSolutionwith2HYdroxyphenylethY1ketoneOxime ５５
ｔｈｃｐＨＩａｎｇｅｏｆ２－８ｗｉｔｈｌＯ~２moldm3HPEKDcaIbontetlacmoridesystemTT1e塵sultsaleshownin
FiglCopper(Ⅱ）andcopper(1)werequantitativclycxtlactedfiompH3topH8nncextlacUonof
imn(、）increasedwithraisingpH,anditwasqUantitative]yextlactedfmmabovepH4Nickel(Ⅱ）was
extlactedfiompH5,andtheextlactioninclCasedwithincleasingpHImn(Ⅲ）isleadUyleducedto
imn(11）ｉｎthcplesenceofascorbicacidorlU/dlmW1alninehydl0cmolide,andilon(11）wasnotextIacted
overthcpHrangeof2to8・Butcopper(1)waseasilyextlactedTT1eselesultsshowthatcopper(11）and
copper(1)canbesepalatedfiommckel(II）andimn(Ⅲ)．
3.2．Sepalationofcopperfiomilon,mckelandcobalt
Fmmthcabovedata,itisclearthatcoppercanbesepalatedfiomilon,mckelandcobaltwithHPEKO
inacidicsolution・WpicallesultsaIeshowninT血1Ｃｌ・FIitzetaLhavelcported18ontheextractionof
copper(11）ｗｉｔｈ5,8-diethyl-7-lU/dlwdodecane-6℃xime(DⅢ〕Ｏ）intoluenesolutionThatis,agIeen
complexisfbnnedatbelow0.1moldnI3oximeconcentlation,ａｎｄａｂｍｗｎｃｏｍｐｌｅｘｉｓｐｍｄｕｃｅｄａｔｈｉｇｈer
oximeconcentrationlnthecaseofHPEKO,agreencomplexofcopper(II）isploducedatbelowO1
moldm3oxilneconcentlationalongwithDHDO・Ａ１so，ａｂｍｗｎcolnplexisfbmledathigherHPEKO
Concentration
3.3.ExtlacUonbehaviorofcopperwimfOurkindsofoxime
Extlactionofcopper(II）fmmaqUeoussolutionwithHPEKO,HAP0,c叩､､,andHOBPOdissolvedm
ca【bontetracmolidesolutionploduceabmwn-greenisihcomplexmthcolganicphase・AplotoflogDasa
filnctionofthcconcentmtionofoximeslesmtsmastlaightUnewilllasl叩eofabout20,asshowninFig2、
Thisindicatesthatl:２oxime-coppercomplexasfbrlncd・Ａｌｓｏ，ａｐｌｏｔｏｆｌｏｇＤｖｓｌｏｇｈｙｄｌｏｇｅｎｉｏｎ
ｃｏｎcentlationyieldsastlaightlincwithaslopeofaboⅢ1.0,ICplesentingthelossofpmtonsduringthc
fOnnaUonofthecomplex、ＴｈｅｌｅｓｕｌｔｓａｌｅｓｈｏｗｎｉｎＦｉｇ３・AneXperimentwilllcontinuouslyvalylng
amountsofHPEKOandcopper(11)，（１）inacidicsolutionatpH2indicatedthattheextlactedcomplexes
hadcompositionsofCu(II):HPEKO=1:1.9,ａｎｄＣｕ(1):HPEKO=1:1.1ｆｉｏｍＦｉｇ４・TTlclefble,thcspecles
extlactedmthcorganicphasewereCu(HPEＫＯ)2andＣｕ(HPEＫＯ)．Ａｌｓｏ,ｆｍｍＦｉｇ３,meextlact2hlity
ofcopper(11）wasmtheorderHPEKO≧ＨＡＰＯ＞HOBPO＞cupmnTTlistendencyissimilartothc
adsorptionofcopper(Ⅱ）byceUmose-tliacetatepolymercontaininga-oxilnes(ＲＨ）obselvedpleviouslyl`・
Inthecaseofilon(Ⅲ),thildpowerdcpcndenceonthcextlactionisgeneranyaccepted,mwmchcasethc
extlactionmecha【msmsshomdfbUowtheeqmibriuln
Fe3+＋３ＲＨ－＞ＦｅＲ３＋３１r
Butthelesultsshowthattheslopeｓａｌｅ＋１９ａｎｄ＋Ｌ３ａｔｐＨ２ａｎｄｐＨ４，Iespectively，andmaybe
consideledasecondpowerdependenceontheextractantconcentmtion・ThisvahleispeIh印sduetothe
hydlolysisofilon(Ⅲ）mtheaqUeoussolution：
Fe3十十Ｈｚ０→Ｆｅ(ＯＨ)か十Ir
Tmsbehaviorofimn(Ⅲ）hasbecnreportcdbylslametal2I・ThcspcciesFe(ＯＨ)針m2U'thcnIeactwith
a-oximesas
Fe(ＯＨ)針＋ＺＲＨ→Ｆｅ(ＯＨ)Ｌ＋ＺＩｒ
ａｎｄｆｂｒｗｈｉｃｈａｓｌｏｐｅｏｆ＋2.0iseXpccted・ＡｐｌｏｔｏｆｌｏｇＤａｓａfilnctionofthcconcentlationofI狸ＥＫＯ
ｒｅｓｕｌｔｓｉｎａｓｔｍｉｇｈｔＵｎｅｗｉｔｈａｓｌｏｐｅｏｆａｂｏｎ１９，ａｓｓｈｏｗｎｉｎＦｉｇ、５．TTlciloncomplexfOnnedmthc
organicphasccontainsFe(111):HPEKOmthemolemtiol:ZfOrpH2and3,indicatingthccompositionof
anFe(ＯＨ)(HPEＫＯ)zcomplex,whichisinagleementwiththefindi､9oflslamaetal21．
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F１９．１RelatlonbetweenpHandextractlonｏｆＣｕ(1)，Ｃｕ(１１)，
Ｆｅ(１１)，Ｆｅ(１１１)，ａｎｄＮ１(１１)．
姫taltaken:59〉lgcm-3,HP曰くO:１.OOxlO-2mo1d1l-3，Orgamcphase:２.OqiP,Aqueousphase:５.Ocm3
eCu(1),ＯＣｕ(11),ＢＦＣ(１１)，□Ｆｅ(111)‘
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Ｃｕ(11)taken:50/ugcm~3,Orgamcphase:2.0.1P，Aqueousphase:５.Oom3,ShaklngtlliE:30ｍｍ
ＯＨＰ曰く０，０HAP０，｛．HOBPO，△Ｆｃｕｐｍｎ
３
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F１９．３EffectofpHondlstrlbutlonofCu(１１）ｖ１ｔｈｌ､Ｏｘ１０~２
Imldn-3cA-0xlmeS・Ｃｕ(１１）taken：５０ｕｇｑｎ~３，Organlcphasel2､Oon3Aqueousphase：５．００，３，Oxlnpccnpounds：１.ＯｘｌＯ－２ｍｏ１ｄ１１~3，
Metal ＨＰ曰く０
F１９．４Appllcatlonofthemethodofcontlnousvarldtlonsto
Cu(１１)/HP［ＸＯｄｎｄＣｕ（１）卜、〈ＯｓｙｓｔＢｎｓａｔｄＰＩ２．
Organlcphase：３．０ｄｎ３０ｆ５・ＯｘｌＯ~３ｍｏｌ。､~３ＨＰ曰く０，Aqueousphase：３.Ｏｑｎ３０ｆ５､ＯｘｌＯ－３ｍｏｌｄｍ~３Ｃｕ（１）ｏｒＣｕ(11)，
Shdklngtlme：３０ｍ１，．
－OHP曰くqeHAPO,日卜pBPO,凸cupron
Shaklngtlme：３０ｍｍ．
ＯＣｕ(１１)/IP曰く０，△ＦＣｕ（１）/卜PEKO
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F1９．５EffectofpHondlstrlbutlonofFe(111)．眺麓::i淵:h鰡鯛:mih9of
ePH2,ＯｐＨ３，ＤｐＨ４,△pH５
